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LBSTRACT

An engineering evaluation was condiicted on the CB Modification Kit for
Stru~ctures. Environmental testing demonstrated the abil±',y of the system
to withstand extremes ,f temperature, duet, and rain. F. . buckling and
corrosion prevented operation after humidity testing.. CB elmulant testing
demonstrated that the system meets design requirements and will protect per-
sonnel with 99.6 percent efficiency in chemical uimulant (Methyl Acetoacetate)
concentrations up to 10 rmg/m 3 and with S9.99 percent efficiency ir biological
simulant (Bacillus globjgii) concentrations up to 100 cells/r,13 . A C-123
aircraft will accommodate tho service module and tnree filter-blower units.

Each transmittal of this doovment outside the agancose of
the Us So Oov.wmer, imust have prior approval of the Arm&-
ment Devslcpr.iýý,x 'ziý 'Test Center (ADTINW)o Eglin Air Force
Us*D Florida
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SECTION I

INTRODUCTION

The purpose of this project was to conduct an engineering evaluation
of the OB Modification Kit for Structures, a CB defonsive item.

The test objectives were to:

1. Determine the ability of the CB Modification Kit for Structures
to withstand the following extreme environments a6 specified in MIL-STD-81OB,
Military Standard Environmental Test Methods, dated 15 June 1967:

a. Niigh temperatureI b. Low temperature
c. Humidity
d. Dust
e. Rain.

2. Evaluate the capability of the CD Modification Kit to protect
personnel in a simulated CB agent environment.

3. Evaluate the CB Modification Kit' from a human factors stand-,
point.

4. Insure CB Modification Kit C-123 air transportability.

All objectives were accomplished.
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SECTION II

DESCRI PTION

OPPi-ATIONIAL COUTIIGURATION

The CB Modification Kit for Existing Air Force Field Stru-ctures

(Figure 1) consists of a Eervice module withi airlocks and decontamination
facilities and three filter-blower units which provide filtered air to main-
taif 0.4 to 0.6 inch of Later gage (IWG) overpressure.

-The kit provides the necessary sealing, air purification, pressuriza-
tion, irgress/egress, and decontamination capability to Insure CE protection
for personnel in a CB agent environment. The kit is a removable modification
to a structure and will not inhibit the normal function of the structure.
The kit can be made indcpendent of external power and ,^ater for a limited
period of time by use of ? 15-ikilowatt (KW) capacity, standard gasoline
engine-driven genera 'or. It 4s designed to be air transportable on a C-123
or larger cargo aircraft.

An operational kit contains a collapsible prefabricated, transition
section which connects the diodification kit tD the building to be prtected
and sealing compound to reduce the building's natural leak rate. Thilse
components were not a part of this test.

The modification kit, as supplied with three filter-blower units, is
designed to protect buildings with up to 20,000 cubic feet volume. By em-
ploying a maximnum cf three additional filter-blower units, buildings with up
to 40,000 cubic feet volume can be protected.

SERVICE MODULE CONSTRUCTION

-The serIvce module is an aluminum frame, stressed aluminum skin,

structure mounted on extruded aluminum skids. Its dimensions are: length,
12 feet; width, 7 feet; and height, 7 feet 4 inches. It weighs 3,000 pounds.
It has double-wall construction and is insulated with 2.75-inch-thick rigid
polyurethane foam in the walls, floor, and ceiling. The interior aluminum
wall surfaces are finished with a gloss white polyurethane base enamel.

The service module is divided into seven compartments. They are en-
trance airlock, undressing room, shower stall, service compartment, dressingS~room, plenum chamber, and exit airlock.

The modification kit has a decontamination system (shover), an air
heatin• sjstem, an electrical system, a control system which regulates par-
Sso1:111 entrance, end an air pressurization system.

2
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S!eýprato entrance -n3 c;ct airloeks Anterer:no botw'zCr.
onteri-n nnd celtin'- personr&L1. Thp t.vo ailck:.or sfia ~. sor the
lighIts in the cntrarnco nirlcak which re.ate crao-,ne] entr-y (Flg-"ýr 2).

Each airlock is 3 feet long-. 3 feet vide, and 6feet 6 inches hirh in-
side. The inner and outer airlock doors hare a fibbrgl7ss loninnte skin snd
a ,•c-in.placo polynroth, eno core. EBa.ah door is relf-cloa!rg thro',gh the
use of a conventional overhead hydra lhc door .clocser.

The inner and outer doors-of each airlock are mechanically interlocked
so that one door cannot be opened until the other is securey closed (Fi~nre
3). There are removable pins on both sides of each airlock which ps-m•it the
A Itorlock system to be bTassod in case of emergency or mafunction.

The exterior doors are latched by wailk-in cooler latches vi•th plur,,7er•
releases on the inside. The interior doors are pushed or pulled open after
the interlock has released,l

Air flows into the airlock from the Interior of the service module
throu-h a da-per in the ceiling, The dampe" is nor=ally open but closes
automatically when the outer door opens. Air flow throigh each airlock
is controlled by an outlet near the bottom of each outer airlock door whichis adjusted to give a pressu~re differential of 0.4 to 0.6 inch of water gage

(11;). This is equal to an airflo of appr0x-r•tely 100 cubic feet per
mi~nute (C r'm.

PEPRS01•.•MM COnTROL SYSTEM

Person•el entry into the service modile is controlled to allow purjing
of c.ntamination from the airlock and allow enongh time for an ntran• t to
clear the undrassing room before another tries to enter. A t.,e-dely relay
controls each functicn Aith WAIT and EB=LI4 lights in the entrance sirloccs.
Switches on the airlock door jambs sense the entry tnd passný-aa of personel
and energize the relays.

FERSEOL DECMONITAIATION SYSTEM

Upon leaving the entrance airlock, the entrant enters a 4-foot by 3-foot
undressing compartment (Figure 4). Unless he is wearing complete safety
attire he will discard all garments, except his protective mask, through a
clothes disposal chute. An entrant wearing complete safety attire will
pass through the undressing room into the ahower without disrobing.

.I
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Figu~re 3. Door- iriterloc~t (1) with rernovable byrpass pin (2)
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Three dis . sal chutes are provided, one each in the tudros n•,, sh.-ttr,
and dressing co~.nuaerntv. Each ch-ute is an opening in the onzk V: 1 of th
modification kit. t door vith a spring-typo hInge and a rubbcer r,,•!•--t se!as
the opening on the inside. A plastic garbagu o' is taped to the outside
and placed in a 26-gallon (or larger) capacity garbage can.

The shower subsystem consists of a 155-gallon water stormge tanjk, an
electric water punp, and a 52-gallon electric water heater which are located
in the service compartment, and a 4-foot by 3-foot shower stall. The storage
tank allows the modification kit to operate independently of an external water
supply in time of emergency.

A push-type switch, located in the shower stall, controls the •p i:tich
supplies water to the shover head at 3 to 5 gallons per minute (grm). The
shower will operate continuously for a period of at lcast 31 rn-atas. The
shower water temperature can be varied between 60o? and 1200F 41-1h a ki-ob
in the shower stall. Two panels with qprirn-type hinZ:s unfolýl frc-- thVn
shower wall to contain the vater in the shover. A drain in th.a floor of the
shower stall carries effluent water out of the modification kit.

A 4-foot by 3-foot dressing room is located next to the shoa'r. It
.j contains a removable utility cabinet for towels and clothing, an eme-.1.ncy

lighting unit mounted on the ceiling, and the main electrical control panol.

An entrant wearing full protective equipment over conventional clothing
would shower to wash off contamination and then dispose of the proteotive
garments by putting them through the disposal chute. He would then pass
through the dressing room and into the building. A nude occupant would

£ shower and then discard his protective mask through the disposal chute beIfore
entering the dressing room. He would then rmmove a towel from the cabinst
and dry off, discard the towel through the disposal chute, and dres, tal -
ing garments from the utility cabinet.

AIR PRESSURIZATION SYSTM

The air pressurization system consists of the filter-blower units, an
influent air panel located on the side of the modification kit, and fleaible
ducts which connect the filter-blowers to the panel.

Each filter-blower unit is composed of a blower fan, a comercial pro-
Sfilter, a particulate filter, and a gas filter. The blower fan is a direct-Sdrive, radial blade,, centrifugal fan powered by a l-hor~e~ep r, 209-2,20-v!t,

60-hertz (Hz), 3-phase motor.a

The prefilter is a standard coarse particuilate fluter, r., y
Sin homme air conditioners and fu ceI. 1 Particulate an- 1 f.

standard units dxlcpcA by thie US trMy Clism-10Ji Co"', t ~£-
particulate filtesr (1,1-~5l A) Is usc"d .-In ~a Vih a V`§L2 .''

filter (U1L-F-51224A, 1-i•n, 1) in o:%,r to fi!1a r

V i .



life. Ewac ~vh untrbo~a'~ it will s--o:1vl filterzcd air to th-3 rce'i-
fict~~i ~tat a r~oof tE1)0 ciYl. The a-avt erc n',mtcl in scrics-,cn

3 Y e 7,~y 1im (~ro 5).

t ~Then £1 cxble ductinr! u~cd to conrcct the fllter-blo-ýYor to the influent
air rcc.Is 13 inchns in diamter and suppllcd in 10-foot lengtho. It is
v clo of b .y-ý'L- contcd nylon rnd is helical vlre% reinforced. It can be

ccu~~dto a lengt'h of~ ac'rox-iit-mly 2.5 feat for stcora-e and is fastrened
to flan7'ci on the filter-blower and the influent air paenl with screw.-ty-pe

ctn.Tho Influent air paenl is located on the side of the modification
I-Yt at th iru hwhr thss~fagson it to which the flexible

~c~frc•m tha i~ oa units are attarched. The unused flanges aer

The flow of filtered air, entnrirT the vodification kit througýh theý
inf~at air pmcwl, is split in the plenun chc~mbcT. The bulk- of the fil-
trdair flo-':: from-. the plemnb chcaaber directly into the bu-1lding protected.

0:a1M3~c1cftli flo-ws into the othor co-7aartmzants of' the modification kit
trwha p~~.td door located betwiecn the dressing room and the plenimza

c~l-l... :::r. This air eventually flows through a ceiling duet into the entrance

AITR I ATEIIG SISTal

The pnrforatcd door betimon the dressin- room and plenuim chaznber con-
talns electrica-l strip heaters which heat air entering the modification kit.
Ther.ýar 5 banks~ of hae3-hi are controlled by a 6-positijon selector

to -:½a he cc~e~tur of ar eterngthe odification kit at -25'? to

Tha Y,,ezýificatilon kit rco7ýuirnas 208-240-volt 60-i~z, 3-phase, 4ý-wire
p:-:r sm'a wih a~roua~ely15-lkilowatt (k13 carasity at peah- demanMd.

A "p--hl a g-C"Solina s iedia g-nera-tor, cornmon to Air Force inventory,
vill fvtlfill this r~ie~t

f IPowe-r is suppliel to the t~odificeation kit throu-gh a stvndarl aircraft
400-11- vjilg at- an external juncti-on b=g. Power Is routed to the main
electrI!Xal ceni~trol P~amel Vwsra it is fed to the pre ssurims tion, air heatingg,

a~ý2 toht~n ala~es
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TDS3T CC?,'IýG"~AUTIOTI

For tcsting purporcs a plr,,c,, panel with threa adjustable orifices
(Finurc 6) vý-s attac~h'd by tho cciftractor to the dcoorny which waoti1d ordinari-
ly icŽld to the bmilding to be proct-ted. This bUlding, siiatr'ne adjusted
by the contractor to bf) uced in conjunction with one f'iltai--blower unit.
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SMCTION III

UISThUMTJNfAT I GJ.

CABOO FIT TESTi14G

Cargo fit testing was conducted at the Huriburt Field flightline using
a C-123 cargo aircraft and 463L cargo-handling equipment, including wheel
conveyors, a 10-inch by 88-inch pallet, and . Rough Terrain Loader with
lO,OOO&pound capacity. The forklift was equipped with roller conveyer forks.

E~rc:::.::M.TESTING

AIl en,,ironr.ntal testin- was accý. plished utilizing facilities of the
Eglin Air Force Base Climaitic Laboratory. 1

Low temperature testing was conducted in the Main Chamber. The high
tomperature and dust tests wore accomplished in the All-Weather Room.
Hnaidity testing was conducted in the Salt Spray Chamber. The rain test was
conducted utilizing a portable rain facility and wind machine.

The te-peratures at various points within the modification kit (Figure 4)
w-are moesured with ten copper Constantan thermocouples connected to a strip
chart recorder. The air pressure in the compartments of the modification
kit was measured using differential pressure gauges calibrated in inches of
vater and connected to the mcoification kit with plastic tubing. The voltage,
current, and power requirements of the modification kit were measured with
an industrial analyzer.

SfL7-1Ah2' TDVTIKG

The chcmical and biological simulant tests utilized a "110generator
and t-zo nobulizers to generate and maintain the simulant cloud and an in-
flatable rubber shelter to contain the cloud. Aerosol samples were collect-
ed at various points inside and outside the modification kit (Figure 6),
using 12.5-liter-per-minute, all-glass impinger (AGI-30) samplers, connected
to a vacunn manifold which could be remotely sequenced. During the bio-
logical simulant test the impingers were equipped with 5-micron pre-impingers.
Teanerature and pressure within the modification kit were monitored in the
sanme manner as during environmental tests.

: Ground Centcr Tcclbzic•. Fzcilitins VeA. I, Aýpril 197.
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SECTION IV

TEST PROCIEURES

Two complete modification kits were provided as test items. The first
raodification kit was used for cargo fit testing end all environmental tests
except the rain test. The second modification kit was used for the simulant
challenges and the rain test. [
CARGO FIT TESTING

The service module was placed on a 108-inch by 88-inch standarsi cargo
pallet and strapped down (Figure 7). Two rows of double conveyor were
placed on the floor and ramp of the aircraft, and the parachute static lines
were partially removed. The ser-uice module was picked up at one end by a
forklift and secured with cargo tie-down straps to prevent it from tipping?
off the end of the forks. The service module was maneuvered into the cargo
hatch of the C-123 aircraft (Figure 8). When the bottom of the service module
was even with the conveyors on the ramp of the aircraft, the tie-doim straps
were removed and the unit was pushed off the forklift onto the conveyors.
The three filter-blower units were loaded behind the service module.

I 4

Figure 7. Sorvico m!ule loaded on 463L pallet

13
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ENVIRONM2 AL TEST1IG

Availability of resources in the Climatic Laboratory dictated the

following order for MIL-STD-810B 3nvironmuental testing:

502 Low temperature
501 - Procedure I High temperature k
510 Dust
507 -Procedure I Humidity
506 Rain

FUNCTIONAL ~TEST. Before and after each envAronniental. test, the follow-
ing systems were functioned to insure proper nperation:

Door latches Air heater
Door interlocks Filter-blower unit
Disposal chutes Lights
.Shower (water pump) Dampers
Water heater

During or followirn each environmental test, the modification kit was
operated 1,y test.personnel for a specified number of cycles. Each sclC10
consisted of the following operations:

1. Enter service module through entrance airlock.

2. Operate one clothes disposal chute.

3. Operate shower for I to 2 minutes.

4. Leavr0 service module through exit airlock.

The following data were recorded before, during, and after each
cycle:

1. Differential pressure between each service module compartment
and the test chamber in inches of water gage (IWG).

2. Temperature In each service module compartment and the test

chamber in degrees Fahrenheit (OF).

3. Voltage (volts), current (amperes), and po-ver (KW) requirawents.

4. Shower wmter temperature in OF.

15
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filter.

conducted. Before testing began, the modification kit vas furnctlnlt

insure proper operation of all -ystczas. Tunenty-five arets were arj:e-zd off
on the inside and outside of the modification kitl, dacentazdnated, anrl1
sampled with swabs. The simulant, L.G, was dissemlinated insidle the i~nflata!1ble
shelter to obtain an aerosol cloud of approxdnatoly 1 x 10 6 viable ci:lls Fýar
cubic meter (cells/rn). A more car-plets do.scription of those p,-rcndxu:7-s is
contained In Appendix L.

During the first biological sirmulant challenge, the modifica. ti kIt
was operated for a one-hou~r holdin-g peoriod vi4th no enntries or ce-its con.-
ducted. Samplers at all stations, both inside and outesice the iata
kit, wesre aspirated for five mlnutrcsý at 20-minute intervmls. At tha oz
the holding period, all sazpleý-3 wzrs channed.

Before the first pass-thrmow2h cycle, samplers at all. ttations vwore
aspirated for five minutos to obt ;ain a background readirg. A test Suibject

reain a 1-3 C atciesuit &t a 1...1,7 rttie=sfunio

the modification kit durizkS the pass trugh cycles. During the first blo-
logical cbhallenge,, a pass-through cycle consisted of the following:

1, Sampler in entrance airlock was aspirated for fire minutes.
Test subject entered entrance airlock after sampliug was initiat&I and
waited until sampler stopped.

2. Ihensamlerin .on~ airloc4,k ste"d 1cm! in :z
ac 7oms n! 1L:t va4,

opornst2 lohsian l ;&e

J



T" ý nt - or ý' I

a'4~~~J err IT r t ,vrt;e

rC' , C ý "T -'6) Lc I nfo r to s top. FBe ther x-rtcctod (-jrrcjLf tionr.
1'k

5. AN- ter tqt s'Jb4 ect exitedc r~cdtfication kit, all. vr. lors we~re
i-u tsIrA oPr fW-,m rIrutn-z to dotiannlre presence o -f contamination and as a

fo- ir tho, c'ro ycle.

U'. - 1_O!ýAbfo- hC' 9'~ ? 1. :rQ322202 ore ~neat the 25 aroosr rbo efr h
vcro mm*l -. . ft

tc'tJo s,-:%mo rarnner noduin the en'rlrn;nnentnl tests.

s'-i bic'l"<ej clh:Mlcmry', woo odc in the same manner as
V.1l f fiz-lcntg cwacpions:

1Tlhe zic pane.d was twa houars long writh five-m-inute ssnnles

2. The timer on, the WATT-71 1 7Th lights wams sot for 10 seconds,
* c~-r- t,'-e r.ir.rin the cnrrvoarel as aSnrartc-d for 30 seconds. After

VTto .~cwS tu.nacd on, tLhe t:':st subjcct ent'rCl~I the airlock, and When
the hahed ~ 1 LT -17, ho en~tered the undressingl room. Wh-en

tbo CT~rnlcri in theO ttdvwassbrr rczn, vmo t no-d "z, he continue.d with the cycle

CCCJ tS~i3TH? Tx~ru:.Tce0142:03 s~zintCh.nllCrre-ZS Vrar con-
or tad. YX~z' to inr~clnOf 12.-ýA intO thQn" ael hetr sasnipers
rza::ntr.-.tcA in thle test, arcs- to obP'a bo -'ytod readiyng as rcauirod

1372! , pro='ý,-a IIc)t1  ). The mlodif-Ication kit w~as funo-
½l -- ý t- inss' ry pw t o of (all systcems, a d swanb swammcs were

~- nat thei 25 mote rnas hi~ch had boon doeon~tam~natedA. The chemi1cal
................. ou XAws disscminated into the. infl atarle shelter to obtarin an

n eslccnuoaext~r'tlon of approztzot -ly 100 gmram per, cubic meter(g/n.
PrIc-r to p 'trrhCycles, the modificntion kit- w,!.e subjected to a hold-

as ~~the na±res

............ .f. ... f. f. .. .~ .- .. 4..------- :---------S I.



%uring thn f1rat c! s imziant C!I 11el- t~h~ bole!i t V-

not tezken d~urin t""' s~ond cOLMThrjza 4ue to the raaultn of thi! first ,

through cyrcles un". comducte.d during the recond chm-Acl& e~1

study 13 included as Apprnndir :III.
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SDJT IOaI v

TeCID Modlfication Kit for Stzvctures' vaa blodc- on a C-123 aircra.ft 0
v-h!rblin03ocu~ireent. The pcraehtte static lines were partiallyr Ss~w 1r, sen out o. ~.th o no dý t o load thr. modlification kit.

:1int-o the 023r70f hrtt,7h, the service mindujle cleareda
1-y 2 and palle the

*rbynahc; in 81nwt3CU -I,. en1 eicm pcfe~n*
z2;-:' et~c hearrf 4lrq by 7 iLhz end cleared the

V-:-T ,-ýIinb h o ecý"h silo, Th.,eer-c soiidi
T.O. C-12 -9,Manual, Cargýo Aircraft Loadiqg and Unloietng, Is

'Iov~rh a-1 ba).aneo c-f the aircraft could not be comn'ated be,;ause
VC oft' Fi'ge-c7ity and1 vrl±'tt data, were not stenciled on the units as re-

Tethreeo filter-blawer u-nits w~rs loaded behind the sor-rice module (one
Cý!thfflorand two on the ramp o thyucl aetiobe(Fgr4)

The service noduile is not air'-jettisonable.

Theo slots in the skids of the filter-blotteor units are too small and
Ozose togezther to facilitate forklift handling.ITIhe bo1C.adnSter persernzzl parfo~zrnin the, cargo fit test inspected the

C Žc: n fttigsproeted a~nd found them at

T'f2Tr7

Thb; CID Modif1ication Kitl for S nicturosz jza-ýtedCe lcu tpamnrature, high
*tc7ýcret-re, dust,, and rain tests, but failc-. thoe hr:Aýdity test.

LOW TZCAEi~TESLý Althoug.7h several probl cms were encountered in pre-
prgthes modification kit for o-oaration atl -Q5c-F after the 4SC-hcuzr Loaic at
-6Cthey were not considered major and warea main-ly concerned with features

I rrzc7 raranodfor changeos. The flenible fdietir;Z vas st fi and had to
1-. 2r-tUd b2%re it could Le attached to the lire cmn the filter'-blo-veýr

D>-ca-~rz air pmanelý. The b forer fn 'ot7 ho tunedc by ten
. .¶ 'I A, , r , :

vt, r, !-: c

3 -Z

20
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The clectiiecaJ strip hoatora for incaing a: treic-zt.
The intake air dalived frc the filCt c. r uIdt rr;- et 1at

thrc ou7,vt the low t~rtrefimationil to~ato Ths V"'.3~ ~
stabilized btwnnon 10C? and 20• h•en the ahor va not in optratln (Thle I).

Operating the shoter prduaced clouds ef Wzter vapor cnd heated the
service medule. Air temperatures iu the dressing and aezing rl ye d

£between 300? and 400F. Floor ts-mperatures, ei,-lvdig to sl-z,, r~tr &11fo'
reached a ma~id=m of 300F. Shmor water trem ture ws w-ie-3 V - Ci-4
and 120CF during the test. The averag diffearntial - rcv A
during the test are given in Table I10

ý51HIGH TZM11 TP T~fESTt. No special problenis r'eencocrenPrd t-nUrl the
high te=erature test. All syztcms oporstcd st~ao rily. The ave
tenpsratures renorded during the pass-thrc,-h cycles a:- f:!.-z in Tble I.
The average differential pressuren recorded are given in Table II.

DUST TEST. The silica dust did not penetrate the se-,rice module. Vnen
the filter-blower unit ums first turned on, the circuit brca'ker kiczed ca.t.
When the switch was turned on a second tine, the filtor-ble-er unit f ec-tione,1
satisfactorily. All modification kit systers functioned satisfactorily
the pass-through cycles. The average temperatures recorded are conftained in

Table I. The average differential pressures are contained in Table i!,

Table I. Internal temperature data during specified tests

Temne:.ture (CF)

Low t••:a- 1.!zl teo. D-

t____ t__t__ __ _ _ t s t __

Entrance airlock air 16-20 * 114 97
Undressing room air 10-30 * 110 95
Undressing room floor 2-30 * 100 87
Shower floor 27-90 * 100-115 * 85-1004
Water storage 66 87 95

Dressing room floor 12-20 * 96-109 * 82
Dressing room air 15-40 * 109 96
Intake air from filter-blower -19 104-110 94
Exit airlock air 5-15 * 114 97
Chamber air -22 120 93

*Temperature varied due to shc;,-er operation.

" 2
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of~~

b1z r ali'loc¶:- rO v M
Lowi Wpc~ratre od

Open 0-49ock 0.37~ 0 0.51r ~'

0.55 0.5 .54 0.5

0.c)-irol045 0

0.59 0.614 0.5 2

Hih usmot-r Test

CT, n 0.49 0.40 0 0.45
S t t IC 0.59 0.61 0.56 0.57 1

F;Itairlock 043 04
opane~tos > 0.4lt 06 0.42 0.4

11trzc aihrliot.Xsvroyd'-ack h r~~foai~

stai 0.58; o.60o 0zsrl 56ro~d Thseftt57s~a

~ c~f~ L~ ctr airlaas a,- ors 0.4 to b.6 TIM-los ~thahaerbfr

V.;j v:ýIzd f tn(F'ue9). Th~e airitches on the door jams of the outer
Sdoors, V-I.ch co-t~rol Vche dzaz~crs, were frozen. This mceans that the

r Iai'';,-In Ut v--mild lo o rprc-emý,ra whamoaver an airlok door -.ms opened.
Salco controls tho VATL-l-iT li~h~ts in tha en~trance airloaor. The

£1r~-hs vas--xr brachled rp~rd m-) that the side panals coi'1d not
C we~r ~~ui off Vtb shmrar (F-I ro 10). The inter-lor airloick

b, -'~ r," -F i hca:tcr contvol rea1v7-3 lo-,ýOtC'IJ in

I - .... , ..- ..

22
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Figr 15 Pan nciigocvcemdl lsee m -_,- 7ts

Th wae up. h loeadtelghssil.ntonl oati~

was i-q ' tofnto h. ae etrortearhacr ~e
peid th bukigi h lnmcabrforhI roe s hýtVo

Figue 15.n Paint wa onductedn of sheother =.it aliter nped io of~ S"tr tc

testing.

RAIIO TEST. All modification hit sytcms f-nticed _ __tU ~
kng the rain test, Satisf ac-tory ov rprcura (Table 1II) ws ait 'a' -131
a 12-in./hr rain while a 40-mph wind tnis directed at each side of tIh, e:Tvtcre
module. Rain-wmter running, dovn.. the side of the semrvice nodule1 ert.a-r-cd
the airlocks via a. lip on the top of the outer doors.

Modification kit power consumption was measured dur'itg testing at 10 kv
maxim=z and distributed as follows:

A - * -Lights and blover 2 kv

-Vater hs"Iter4. r

8,r .,rrit 3.5 kv

29
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B irm -,

0. 0-/- O/l0 f5/.5

0ý 1 /* 0.50o 0 -' 4204 :105

5.//~.0. 5 0./,/0./"` 0-44/0-49

cOon0./0.55 /0.005 0/0.0 0.65/0.54
c0.7/0.55 0 5/0 5 0605 0.517/0.-52

0-5~/0-5 0/0.0 0-42/0.44 0.6/30.52

0.7/0.55 0505 0/0 0.52,0.56

4a o,0:55/0.65 0. 4330/05 5 0-47/0.ý,3 0.5/0.60

j J0.4+5/0.55 0/0 0-4/0./44 0.52/0.52 jf
A4
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athVe oa~2inta,, f ti-, blriy; rtec a~e "K.,1 -il- s U P or r th ~

""A ~quantities efjuivalent to 0.2 J~ia of air. The ccluad flltýý- $D.12
VA. was jgreater than 99.7 peircent.

BIOLOGICAL SI114tTLP~r T~7PLMC'. Thz. 2$
modif ication kit v~oa calciO~atcd ent i C ý e r i "

sinualant chc~.(<oTable V.) Cc , la', f', t",
!oare prosented In Appsnd!t-c 1. T1-V fMtV c 272i2t

efficiency obtainazble for the r~otft tc a U -- 1t. ZS'r-- 1
]ncdlficiticn hit officienci c 3 thzD TIr,ý

Biole-, Qel Siminulat Challerfri Vo. 1. Teat .suhbisst5 '~~
thoTF3cyiea re-gnaimned in the entnci Jair"l cc! for 5 n~rutos ''

the service module. The airlock pin,- .d ccp,ý lt ,ly e rdlrin3 th- ~a
taken in the undressing~ and drassin6- rcoras 0t~rlrg the I.
shov~ed no increase oirer backgr-ound samplei to"'ýa bat-ý:<ýzn ,;ZLC ~
efficiency calculated from backgroiand rcale ý 1 botvcrn cyclc-7 vnE; C C-:
to results obtained during the filter challcag-,. Simulant ~QC* ,'i
not build up within the serviee module durn , tha te~st.

Swab smnles indicated con-tainArition ras rzestrictod to the u
exterior of the service mod-ale. Only ong coil tT3ds tircrc lkn.ý .
of the service module (ondrsigeeil)

Bilý1~dSn n Ito, 2. Dalirth hel± ;

of background samples taken botvenan pass-throt,ýh cycles during tlha rast of
the test. The cause of this was not daterminc-. Bac!kground SecŽ,les takcen
between cycles were comparable to those of the first slxnaJant challenge.

The higher simulant concentration recorded in the entrance ail-cez zu-,s
due to the shorter sampling time (30 seconds). Vaiting time in the ontr.-Ca
airlock was reduced to tan seconds in order to obtain mora realiatic Lntzeýior
contamination data. Shortening, the tima rasiiltei in sc"ne am.tw:Uzation rz~:-ý,.zh
±ng the interior of the ver'rice moduile th U ha vlrbock. Thi ~

ing rom rer ~ ~ A1 o tul 1. CouýP(&
ccu.-30or tho ,z<7 'c

low..........................""-........................'2.
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rS.w Ae vv3indinated contý-IrrtUon on the oý_atrida of tlie service
the trv c -i~c, and ill the shocwr rtall (4 cells).

112_Lý iT,171C'h; TLo vrm2a.tz of the,, tva chc- Ical si.eInfiet

",-1 7r t2-'rir.i'- the n ozi, biolo-7ice r. let halme The
~ tm~nIn Vh0 sh231t,,r couald riot be, held coecteant due to a

Sof i'ln and! fast dissipation of the simulant cloud.,

r)--rAnz1 Sii Thrat Chae.Ueqn No. 1. During the first chenIcal si:-,ilant
no contc_,Ariatirn vai found in the undressing roomi or dressing

rco-n.T'Ae etraceairlock purgr-A satisfactorily, but slight conternination
(0,2 -0.5 r~~r 31 vi,nercr in the ex-it airloc1% Sv-b r-:les 0:, nre

ha'2:W L~ le li, contucnmnl io a as recorded in the undressing room on three..
3en (1.1, 0.6, and 0.4 trZ/m 3). Twoofte9sapswreaknb-

t~~c.`cclos vwhen nrevirou3 data indicated that tha airflow would have had
VZý-, to purj the7 area. Contamination of the Lvoirgers during handling or

in th.3era.-Pected caeuse. No contamination was found in the dressing
`Cozn. The airlc.ezs plurged satisfactorily. i

The meajority of inpingers contained no detect-~le contarination, gliving
an ef 'ticiency comparable to that obtained during the filter challenge. The

csýnCwey 7Of the medificati.on kit's calculated systeei efficiency waTs limited
by ý-ne ruli~zum q-,,n~tity of ICU' detectable (0.2 MV/rn3) uning the assay pro-
cchteiu_ýs in Ap;ef~ Il. KAn-lysis of the data indicated that the ndifica-

= to, kit pacezed the chomical -Lmalant challenge.

DuriLng t1_e procoas of testing, several Mir-or mechanical deficieci.ces
zt 7arcnt. Thera Is a fittinr on the f~cnt of the cervice rsciale

:Wea hon Ie s i~a~c~ to fill the veacr ter a talir.i This is a
LŽi lt::ettnz, vani the graren hoss nuct b-3 sorzatm4 into it, by twistt-

ir-7 tLhe-ý c~utlrt hcro.
T1, Iif' rirn'z aroixnd the top of the service module ware usedk during

thIIe cca,ýIo fit test, and durxing sto-4ing ojpoýrationa. The capacity of the
arlchc7 painta of the lift rings is irarginal. M-hle they did not pull out,
they c em bccn~e loose.

By th ez 1 of testing, the handles on the inside of the interior air-
Ic c z' z;,hl3 become loose from raeneated use.

T1eitcle latch.-_s cr1Ci ally 11ýqd t-ev. ch-annel catches on the daors.
r- i~ '1 wth t -h.ech en the dbcnr, jezb. The,

£~Jc1~h. (~~jt~s16, ~ ~li i ~z t ee~ihcti



Table VI. RasU~tn cf ch=hic aa c2

iAverage aerxosl ccmwmtration during- 57.4 52j
pass -trorýjm (g 3 ) ________

Service mcdJae intorior concentra- <0.2 <0.2
tion betwveen pass-throug1as (MEY/MI) ________________

Systm Interior con-centrationA >99.65 >/96
Effiieny VAerosol concentrationj10

(percent)

Avora-se entrance airlock concent11ra- 10.18 P.
tion 6Ccupe!i) (xng/n 3)

Averee undes :,? room concentration <02C2

(occupied)(frgý/m 3)

Av-erage dressing room concentration <0.2 <0.2

rigyI 1. 7.2 til

fil-4 fe111
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SP r tl erd of a-tlvo teztiln the interlocks ware fa.ty. ThIey are too fragile
for continumoz u-e. The catch pictured (Figure 16) would not raintain align-
:r; =nt, and the Intorlock had to be bypassed.

The sWlowir i-,vozzk' In modificatton kit no. 2 (ua:d for sinulant tectinr)
V'• c•,;h. br'ci or dozjgnod inproporly. The p,67p did not provide enct;h
:• p'z•:n'c to •r,:1) it fuac Lion properly. A spacer had to be inserted in the
.:nr so t":kt v,:ter aIid' spray rather than pour from it.

E131UAN FAZTOPS EV'VUATIONI

A h4-n factors evaluation of the CB Modification Kit for Structures was
conAduted by the Ihuan Factors/Bioncdioa! Division (ADHZ) and is included
aý Aazdix IlI. The following deficiencies were noted during the humn-n

1. The eir heating system in the modification kit is inadequate
for opc.rating envirorlmonts down to -25(F.

2. The tktars for the WAIT and ENTER lights (Figure 14) had to
be adjusted by:,trial and error since they were not labeled as to stecific
function or scaled for adjustment.

3. Upon entering the service module for the first time, test

subjects became confused about the operation of the inner airlock door.
Althotýt'h there is a handle on the door which may be pulled, the door is
opened by pushing. This handle is necessary to insure proper operation of
the interlock syZtcmu, but the door should be labeled FJSH TO OPEN.

4. The shower temperature control knob was not labeled,

necessitatint aojustment of the water temperature by trial and error.

Lt
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SECTION VI.f

CONCLUSIOIN~ 5

1. The CD Modification Kit for Structures tcstpd met the re-quirementu
of MIT,.-STD-3loB, dated 15 June 1967, for high temperature, low tempoerature,
dust, and rain.

2. The CB Modification Ki~t for Structures failed humildit~y testing
under MIL-STD-BlOB due to floor buckling and corrosion.

3. The CB Modification Kit for Structures meet design requirements and-
will protect personnel with 99.6 percent efficiency in chcemdcal simuLant
(Hetbyl Acetoacetate) conc~entrations up to 1W3 mg/in3 and with 99.99 percent
efficiency in biological sirnulant (&acLIlus glcb!igli) concenitrationts up to
106a cells/rn3 .

4i. The air heating system in the CD Modification Kit was inadeq.uate.

5. Controls in the CB Modification Kits were not zll labeled properly
or positioned for efficient use.

6. Testing revealed design deficiencies in the interlock door handles,
lift rings, and the shower nozzle.

T. The CB Modification Kit for Structures will fit on a C-123 aircraft
with sufficient clearance to satisfy air transportability requirements.

(The reverse of this page is blank')
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APPE•DIX I

BIOLOGICAL SIULAN1IT TESTI71G OF THE CB
MODIFICATION KIT FOR STRFCTUP1ES

IhTRODUCTION

The CB Modification kit for Structures was challenged with the biolcgical
agent simulant Bacillus globiii (BG). Two separate challenges were conduct-
ed in a BG aerosol of aRpro Eaely 1 x 106 viable ce~ll/m 3 . The modifica-
tion kit was allowed to operate in the simulant cloud for a period of 1 to
2 hours before pass-through cycles were conducted.

DESSE2INATICII

The "C" generator, containing onio liter of 60 x 105 viable cells/mi,
slurry was placed midway the end curtain and was activated until Cpty. Two
De Vilbiss no. 841 nebulizers, containing 300 ml each of 150 x lO viable
cells/ml slurry, were set to deliver 0.2 ml/min. The nebulizer end "C"'
generator slurries were made from a heat-shock-d BG slurry with a viability
of 125 x 108 viable cells/ml. Each nebulizer was placed in front of a fan
on opposite sides of the CB modification kit, and the fans were blowing in
opposite directions.

The aerosol cloud was generated by first turning on the fans (high
speed), then each nebulizer. The "C" generator was activated from outside
the shelter immediately after turning on the nebulizers. Sampling began one
minute after the "C" generator was emptied.

SAMPLING

All aerosol samples were taken with 12.5 liter/minute all-glass impingar
samplers with plastic uncoatod pre-impingers attached. Unless otherwise
stated, all samplers were aspirated for five minutes. (See rg'ure 1-I for
sampler locations.)

Aerosol samplers are identified as follows: Example: III C-4

1. The Roman numeral (III) designates the cycle during which the
sample 'was taken.

2. The letter (C) designates the sampling station.

3. The number (4) designates the sampling position on the vacuumm
manifold.

39
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AIM KEW 1 It~ O

EITIL€ S~tIV/ICE CUPART1I1T1111ltO~

Figure I-I. Sampling stations

Swab samples were taken from marked 3-inch by 3-inch areas with sterile
cotton swaba. (See Table I-I for location of marked areas.) Pre-mission

aab samples were taken after the marked areas had ben decontaminated with
15 percent hydroZen peroxide and alloved to dry. At the completion of the
chAllAnge, the areas were swabbed again.

.40
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S~of. CB i,,, rtim Kit

Sff

I . Locaticn

I Entrance eirlozk, uppor right-hand wall
2 Entrance airlock, lcror left-hand w•ll
3 Entrence) elrlock, inner door

4 Undrensirl rooi, upper right-hand wall (when facing contaminated
apparel outlet)
Ceiling

6 Undressing room, directly left of contp...ntcd apparel outlet
7 Shower st-All, directly beneath shover knob
8 Shower stall, directly left of mask outlet
9 Dressing room, directly left of towel outlet
10 Dressing room, inside door of control panel

11 Dressing room, front of vater heater
12 Dressing room, upper rear wall above water storage tank
13 Dressing rocm, left of perforated door
14 Plenum chamber, ceiling
15 Plenum chamber, exit door

16 Plenum chamber, on wall at lower left-hand side of exit door
17 Exit airlock, center right-hand wall
18 Exit airlock, Inner door
19 Exit airlock, center left-hand well
20 Exit airlock, outer door near exhaust port

Outside Service Module

21 Right-hand side of e7At door
22 Left-hand side of entrance door
23 Directly right of contaminated apparel outlet
24 Left of towel outlet
25 Right center of panel next to influent air panel

BIOLOGICAL SIMULANT CHALLENGE NO. 1: MISSION 2063, 4 March 1969.

1. Pre-mission swab samples taken at 25 predetermined points

2. Dissemination (4 1/2 hours)

Nebulizer no. 1 disseminated 50 ml of slurry at the rate of 0.18ml/min.
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~ r.2 d v,::" CA, rlt=-y at tha Tto of~ 0.2/,1

Thi .1c10" matc 1 nel!t. of test agent sllurr

25-30 A-2, D~-2, C-2, D-2, E-21 F-2

(For remults see Table 1-2.)

4. Pass-Throut,-b Cycles. After the holding period ims cor7.ieted, six
prna-thnc- h cycles ware cc-,kAotid. Thpi-cra vsreýr charged after every
secon- cycle. Sarpler3 %,are aspirated acooring to the follo-eing outline:

a. Tine (in minutes) Operation

0' - 51 Sarpiera IA-I, IB--i, IC-1, ID-i, ME-1,
and IF-I pulled (tac'1grotrnd).

j5 - 10 Sa7,,,er IC-2 pulled. Volunteer entered
ehan'ýr C and mr~aned until irpinger
IC-2 mcpd

10-15 I~*' A-2, ID-2, ID-2 and IE-2
p1i.Voclunt er en~tered chamber Do

and lt* do-suit. Volun~teer took
I ~~~2-4-nuta vlcý,r thea progrossed to

chartbar F whsn inapinler 1E-2 stopped.

15 -20 Sampler IF-2 pulled. Volunteer exited
oewabar F when Impinger IF-2 stopped.

(Clock stopped for 30 atconds while volunteer exited shelter)

20 -25 Samplers I-1lA-3, 1-11B-3,, 1-11C-3.,
1-11D-3, 1-l1IE-3, anld I-11F- pulled
(post-cycle badkground for pass-
through I and pro-cycle back.ground
for pass-through II).
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Tina (in MrnAnOt )prI~~

25 -30 t-pler XIC-4 rrazUiý. Volu t-,¶;?
enttrcl O~lrtb*ýr C &-A r 'Anlrd un;til

30 35 SorPiers IA-4, 11M-4, ILd

chamb~er D ard' si,-lsdtcd drs-uit.
Voluntoor took 2--.Inuta cbiveer; thfen
progressed tochmerFh n zin er

35 -IM-4 stopped.

35 40Sanpler IIF-4 pu~lled Volunteer
e~rdted chamber F Ohsn impinger ItEF-4
stopped.

*(Clock stopped for 30 seconds while volunteer exited sheltar.)

40 -45 &pnplers IIA-5, 117-5, IIC-52 IID-5,

IIE-5, and hIF-5 Pullece (Post-cy-cle
backgrolnd for pass-thrott_ý,h II) .

b. Pass-through cycles I and II completed.V

a. Impingers for cycles I and 11 were replaced by irr ngrs f or next,+

d. Test continued until six pass-through cycles ware completed. (For
results, see Table 1-2.)

e. Post-mission swabs were taken. (For results, see Table 1-3.)
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1%blo 1-2. Ag~r~o1r cloud and serricc m'lale
interior concentration data: chslalerge no. 1

Total co]]s C'U's par cubic
n; 4i55,'icn1 tion per inpirger neter of air

H A-I 1.56 x 105 2.50 x 106
SA-2 6.20 x 104 1.00 x 106

A-3 2.75 x 104 4.40 x 105

E -l 1.61 x 105 2.57 x 106
5.8 x 104 9.L0 x lO5

1B-3 3.43 x 1o4  5.48 x 10 5

C-I 6 9.6 x 101
C-2 0 0
0-3 2 3.2 x 101

3 D-1 10 1.60 x 102
D-2 2 3.2 x 101
D-3 6 9.6 x 101

E-I 10 1.60 x 102
E-2 0 0
E-3 6 9.6 x 1 01

F-I 2 3.2 x 101
F-2 0 0
F-3 4 6.4 x 101

IA-I 1.77 x 104 2.82 x 105
IA-2 2.88 x 104 4.60 x 105
I-IIA-3* Sampler change
IIA-4** 4.38 x 104 4.38 x 105

(Sampled 8 minutes)
IIA-5 2.95 x 104 4.72 x 105

'IIA-I 2.21 x 104 3.53 x 105
IIIA-2 1.96 x 10 4  3.13 x 105
III-IVA-3 2.22 x 104  3.55 x 105
IVA-4 4.35 x io4 6.96 x 1o5
IVA-5 2.05 x 104 3.28 x 1o 5
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Table 1-2. (CCNMNUtJM

Sr Spler Total cello C•IIe por, C",•W

idcrt~i'1ca't~ porjipnc n~~r Of air•VA-I 2.19 x I04 3.50) ; 10)5

VA-2 2.07 x 104 3.31 x 1o5
V-VIA-3 1.69 x 104 2.70 x 105
VIA-4 1.62 x 104 2.59 x 105
VIA-5 1.67 x 104 2.67 x 105

IB-I 2.11 x Io4 3.37 l 305
IB-2 2.04 x 104 3.26 x0
I-IIB-3 2.09 x 104 3.34 x 105
IIB-4** 3.65 x 104 3.65 x 105

(SMr'pld 8 minutos)
IIB-5 2.11 x 104 3.37 r 105

IIIB-I 1.87 x 104 2.99 x 105

IIIB-2 1.96 x 104 3.13 x 105
III-IVB-3 2.10 x 104 3.36 x 105
IVB-4 1.93 x 104 3.08 x 105
IVB-5 2.35 x 104 3.76 x 105

VB-1 2.04 x 104 3.26 x 105
VB-2 2.01 x 104 3.21 x 105
V-VIB-3 1.77 x io4 2.83 x 105
VIB-4 1.87 x 10 4  2.99 x 105
VIB-5 1.78 x 104 2.84 x 105

IC-i 1.40 x 101 2.24 x 102
IC-2 4.00 x 102 6.4 x 103
I-IIC-3 2 3.2 x 101
IIC-4 6.80 x 102 1.09, : 104
IIC-5 2 3.2 x 101

IIIC-I 2.60 o 101 4.16 x 1Q2
IIIC-2 5.00 x 102 8.0 x 10-
III-IVC-3 4 6.4 x 101
IVC-4 7.40 x 102 1.18 x 104

V1W-5 2 3.2 x 101

VC-I 1.80 x 101 2.88 x 102
VC-2 6.30 X 102 1.01 X 104
V-VIC-3 1.70 x 102 2.72 x 103
VIC-4 1.24x103 1.98 x10SVIC-5 0 0
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• ! Table 1-2. (Mbal,.=

H To~n cells Coils per cbic
i~rt"•fl,•tonpor -Lrpinror rater of air

L D-I 0 0
ID-2 0 0
I-IID-3 2 3.2 x 101
IID--4** 1.10 x 102 11. X 103

(Sampled 8 minutes)

IID-5 0 0

hIID-l 464 10
IIID-2 2 3.2 x101
III-IVD-3 0 0
IVM-4 0 o
IVD-5 6 9.6 x 101

VD-I 0 0

VD-2 2 3.2 x 101
V-V•q-3 2 3.2 x i01

Vfl)-4 0 0'~4
.0 0

. IE-i 0 0

SI-!IIE-3 6 9.6 x 101 •
SiIE-4** O' 0

" (Sampled 8 minutes)

VIIE-5 .0 0

I-2 2 3.2 x 101SII-I%-,30 0

,- •-!0 0

SVEZ-2 23.2 x 10
V-VIF-3 0 0

XI-112-.3 2.02 x 102 3.23 103
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T able 1-2. (CONICULU7Z)

Sarnpler Total colle Ceils par c;b.c
identification per im.pingar moter of air

IIF-4 2 3.2 x 16L

IIF-5 2.58 x 10 2  4.13 X lo 3

.IIIF-5 2 3.2 x101
IIIF-2 0 0•-iIII-IVz--3 5.04 x 102 8.06 x i93

IVF-4 4 6.4 x 10i
IVF-5 7.74 x 102 1.24 x 104

17-2 0o0V-VIF-5 4.46 7.14 x- VIF-400
iiVIF-5 4.90 x 02 7.84 x 103

* Sample I-IIA-3 was omitted because station A
sequencer was changed during the 20- to 25-m-inute time
period of cycle II.

**Samples IIA-4, IIB-4, IID-4, and lIE-4 were aspirat-

ed for 8 minutes.
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Table 1-3. Pro-mission and post-mission soab wsmplest Challenge No. 1

'Station Pre- I Post- Station Pre- Post-
no. mission mi s ssion no. nission mission

o. 0 13 0 0

2 0 1 14 0 0

3 0 2 15 0 0

S4 0 0 16 0 0

5 0 0 17 0 0

6 0 0 18 0 0

o7 0 0 19 0 3

8 0 0 20 0 3

9 0 1 21 2 2

10 0 0 22 0 4

11 0 0 23 0 4

12 0 0 24 0 2

25 0 0

U ~48
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,.V.

BIOLOGICAL SWILANT CHALL:GE vNO. 2: MISSION 2074, 11 March 1969.

1. Pro-mission swab samples. taken at 25 pre-deteoxmined points

2. Dissemination (6 hours)

:1 NebUlizor no. I disseminated 85 ml of slurry at the rate of 0.24
ml/min

Nebulizer no. 2 disseminated 112 ml of slurry at the rate of 0.31

• iae "C" generator disseminated one liter of test spent slurry.

3. Holding Period. No one entered the modification kit during this

time. Sampling wss initiated one minute after dissemination was begun.
Samplers were aspirated according to the follo-Ar4 outline:

Time (in minutes) Samplers operated

0-5 A-l, B-1, C-l, D-l, E-1, F-1

25-30 A-2, B-2, 0-2, D-2, E-2, F-2

50-55 A-3, B-3, C-3, D-3, E-31, F-3

75-80 A-4, B-4, C-4, D-4, E-4, F-4

.(Impingers changed, stations A and B)

.100-105 A-5, B-5, C-5, D-5, E-5, F-5

125-130 A-6, B-6, C-6, D-6, E-6, r-6

(For "results, see Table 1-4.)

4. Pass-through cycles. Eight pass-through cycles were conducted.
Impingers were changed after every second cycle. Samplers were aspirated
according to the following outline:

A. Time (in minutes) Operation [
0-5 Samplers !A-1, IB-1, XTC-i, rD-i,

IE-I, and IF-I pulled (background).

5-5 1/2 Sampler !C-2 pulled. Volunteer
entered chamber C, remained for
10 seconds, and then entered
chamber D.
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Time (in minutes) Operation

5 1/2 - 10 1/2 Samplers IA-2, IB-2, ID•2, and
IE-2 pulled. Vol.mtesr simulated
de-suit in Chanber D, Volunteer
took 2-minute shower; then pro-
gressed to chamber F when !mpinger
IE-2 stopped.

10 1/2 - 15 1/2 Sampler IF-2 pulled. Volunteer
exited chamber F when impinger
IF-2 stopped.

(Clock stopped for 30 seconds while volunteer exited shelter.)

16 - 21 Samplers I-IIA-3, I-IIB-3, I-IIC-3,
I-IID-3, I-IIE-3, and I-IIF-3 pulled
(post-cycle background for pass-
through I and pre-cycle background
for pass-through II).

21 - 21 1/2 Sampler IIC-4 pulled. Volunteer
entered chamber C, remained for 10
seconds, and then entered cha.mber D.

21 1/2 - 26 1/2 Samplers IIA-4, IIB-4, IID-4, and
IIE-4 pulled. Volunteer simulated
de-suit in chamber D. Volunteer
took 2-minute shower; then progressed
to chamber F when impinger IIE-4
stopped.

26 1/2 - 31 1/2 Sampler IIF-4 pulled. Volunteer
exited chambcr F when impinger IIF-4h
stopped.

(Clock stopped for 30 seconds while volunteer exited shelter.)

32 - 37 Samplers IUA-5, lIB-5, IIC-5, IID-5,
IIE-5, and IIF-5 pulled (Post-cycle j
background for pass-through II).

B. Pass-through cycles I and II completed.

C. Impingers for cycles I and II were replaced by impingers for nexttwo cycl.es.

50
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.Test contintied until eight ppss-thrrouh cycles were co-mlotd. (For
l•results,' ,so Table 1-4-)

E. Post-mission swabs were taken. (For re•alts, se, Table 1-5.)

51
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Table 1-4. Aerosol cloud and service module interior concentration
data: challenge no. 2

Sanpler Total cells Molls per cubic
identification per impinger merter of air

A-I 1.93 x 1o5 3.09 x 106
A-2 8.63 x 104 1. 3 8 x 106
A-3 4.68 x 104 7.49 x 105
A-4 3.75 x 104 6.00 x 105
A-5 4.08 x 104 6.53 x 105
A-6 3.58 x 10 4  5.73 x 10 5

B-I 1.85 x 10 5  2.96 x 10 6

B-2 9.10 x 104 1.46 x 10 6

B-3 5.43 x 104 8.69 x 105
B-4 4.85 x 104 7.76 x 105
S B -5 .5 3 x 1 0 4 5. 6 0

""i B-5 3.10 x 1 65 x 1052B-6 4.10 x104  6.56 x105

C-i 2 3.2 x 10 1

0-2 0 0
C-3 2 3.2 x 01

C-4 2 3.2 x 10
C-5 0 0
C-6 1.00 x 101 1.6 x 102

D-1 2.00 x 101 3.20 x 192
D-2 4 101  6.4 x 102

D-3 2.60 x 4.16 x 19
D-4 6 9.6 x Ilo
D-5 1.60 x 101  2.56 x 10 2

D-6 1.80 x 10 2.88 x 102

E-I 4 6.4 x 101
E-2 2.60 x 10 1 4.16 x 102

E-3 1.40 x 0i 2.24 x 102

E-4 0 0
E-5 0 0
E-6 1.20 x 101 1.92 x 102

F-i 2 3.2 x I01

F-2 5.40 x I01 8.65 x 1
F-3 6.00 x 101 9.6 x 10
F-4 8 1.28 x 10
F-5 6 9.6 x 101
F-6 4 6.4 x 101
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Table 1-4. (CCX-TýhUWD)

Sampler Total cells Cells per cubic
identification per Impinger meter of air

IA-] 4.68 x 104 7.49 x 105

IA-2 3.80 x 104 6.08 x 105

I-IIA-3 3.93 x 104 6.29 x 105

IIA-4 4.75 x 104 7.60 x 105
IIA-5 4.15 x 104 6.64 x 10 5

IIIA-I 4.38 x 104 7.01 x 105
IIIA-2 4.13 x 104 6.61 x 105
III-IVA-3 4.45 x 104 7.12 x 105
IVA-4 3.80 x 104 6.08 x 10 5

IVA-5 3.30 x 104 5.28 x 105

VA-I 3.20 x 104 5.12 x 105
VA-2 3.38 x 104 5.41 x 105
V-VIA-3 3.30 x 104 5.28 x105
VIA-4 3.18 x 10 4  5.09 x 105
VIA-5 3.45 x 10 4  5.52 x 105

VIIA-i 3.55 x 104 5.68 x 105
VIIA-2 3.35 x 104 5.36 x 105
VII-VIIIA-3 4.08 x 104 6.53 x 105
VIIIA-4 3.18 10 5.09 x 105
VIIIA-5 4.63 x 104 7.41 x 105

IB-i 3.85 x 104 6.16 x 105
IB-2 3.5 x oaCr 5.84 x 105
I-IIB-3 3.2i I04 5.25 x 105
IIB-4 5.Q5 x 1•• 8.08 x 105
IIB-5 4.48 x 104 7.17 x 105

IIB-I 3.15 x i04 5.04 x i05
IIIB-2 3.00 x i04 4.80 x 105

III-IVB-3 4.03 x 104 6.44 x 105
IVB-4 3.75 x 104  6.00 x 0o5
IVB-5 2.95 x 104 4.72 x 105

VB-i 3.68 x 104 5.89 x 105
VB-2 4.20 x 104 6.72 x 105
V-VIB-3 3.65 x 104 5.84 x 105
VIB-4 3.30 x 104 5.28 x 105
VIB-5 3.43 x 104 5.49 x 105
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Table 1-4. (CONTII',ED)

Sampler Totril cells Cells per cubic
identification per impinger meter of air

VIIB-l 3.30 x 104 5.28 x 105

VIIB-2 3.18 x I04 5.09 x 105

VII-VIIIB-3 3.33 x 104 5.33 x 105
VIIIB-4 3.50 x 104 5.60 x 105
VIIIB-5 3.78 x 104 6.05 x 105

IC-I 1.80 x 10 e.88 x 10
IC-2 1.76 x 102 2.82 x 104

(Sampled 30 seconds)
I-IIC-3 4 6.4 x 101
IIC-4 1.52 x 102 2.43 x 104

II-52(Sampled 30 seconds)
!IIC-5 2 3.2 x I01

IIIC-I 5.00 x 101 8.00 x 10
IIIC-2 3.16 x 102 5.06 x 104

(Sampled 30 seconds)
III-IVC-3 6.60 x 101 1.06 x 10)
IVC-4 1.44 x 102 2.30 x 104

1 (Sampled 30 seconds)

IVC-5 1.40 x 101 2.24 x 102

VC-1 2.22 x 102 3.55 x 103
V0-2** 2.82 x 102 3.01 x 104

(Sampled 45 seconds)
V-VIC-3 0 0
VIC-4 3.10 = 102 4.96 x 104

(Sampled 30 seconds)
VIC-5 2 3.2 x 101

VIIC-l 1.40 x 101 2.24 x 102
VIIC-2 3.96 x 102 6.34 x 104

(Sampled 30 seconds)
VII-VIIIC-3 8 1.28 x 10
VIIIC-4 3.72 x 102 5.95 x 104

IC(Sampled 30 seconds)
.VIIIC-5 4 6.4 x 101

ID-I 2 3.2 x 101
ID-2 3.00 x 101 4.8 x 102
I-IID-3 8 1.28 x 102
IID-4 5.80 x 101 9.28 x 102
IID-5 1.70 x 102 2.72 x 102
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Table 1-4. (CONTINItUED)

SSampler Total cells Cells per c'bic
identification per impinger meter of air

IIID-I 0 0
IIID-2 4.20 x 101 6.73 x 102

III-IVD-3 2 3.2 x 101
"IVD-4 1.40 X"101 2.24 x 102

IVD-5 2 3.2 x 10 1

VD-1 0 0
* VD-2 1.20 x 101 1.94 x 102

V-VID-3 0 0
VID-4 4.20 x 101 6.73 x 102
VID-5 0 0

VIID-1 0 0
VIID-2 3.40 x 101 5.44 x 102
VII-VIIID-3 0 0
VIID-4 6.00 x 101 9.6 x 102

VIIID-5 0 0

IE-1 2 3.2 x 101
IE-2 4 6.4 x 101
I-IIE-3 2 3.2 x 101
IIE-4 1.60 x 101 2.56 x 102

A IIE-5 6 9.6 x 101

IIIE-I 0 0
IIIE-2 1.00 x 101 1.6 x 102

} III-IVE-3 2 3.2 x 10 1

IVE-4 6 9.6 x 101
IVE-5 0 0

VE-l 0 0j*VE-2 2.40 x ]01  3.84 x 102
V- VIE-3 0 0
VIE-4 2. 60 x 101  4.16 x 102

VIE-5 4 6.4 x10 1

VIIE-i' 0 0
VIIE-2 1.40 x 101 2.24 x 102

. VII-VIIIE-3 2 3.2 x 101
VIIIE-4 3.20 x 101 5.12 x 102

VIIIE-5 0 0

AI
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Table 1-4. (CONCLUDED)

Sampler Total cells Cells per cubic
identification per impinger meter of air

IF-I 1.00 x 10 1  1.6 x 102

IF-2 0 0
I-IIF-3 1.44 x 103 2.30 x 104

0 0
(Sampled 4 minutes)

IIF-5 1.67 x 103 2.67 x 104

IIIF-1 4.00 x 101 6.4 x 102

IIIF-2 0 0
III-IVF-3 1.04 x 103 1.67 x 104
IVF-4* 0 0

(Sampled 4 minutes)
IVF-5 1.37 x 103 2.19 x 104

'VF-I 6.00 x 101 9.6 x 102

VF-2*** 1.20 x 1.03 1.92 x 104
V-VIF-3 7.00 x 101 1.12 x 103
VIF-4 0 0

VIF-5 1.55 x 103 2.48 x 1o 4

VIIF-I 3.28 x 102 5.25 x 103
VIIF-2 0 0'
VII-VIIIF-3 1.31 x 103 2.1 X 104

i.VIIIF-4 6 9.6 x 101

VIIIF-5 1.84 x 1o3 2.94 x 104

* Samplers IIF-4 and IVF-4 were aspirated for 4 minutes.
** Sampler VC-2 was aspirated for 45 seconds.
i***While sample VF-2 was being ;aken, volunteer exited chamber F

early.
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Table 1-5. Pre-mission and post-mission swab saymples: Challenge No. 2

Swab Pre- Post- Swab Pre- Post-
no. mission mission no. mission mission

1 1 0 13 0 0

2 0 0 14 0 0

3 0 12 15 0 0

4 0 0 16 0 0

5 0 0 17 0 0

6 0 0 18 0 0

7 0 4 19 0 0

8 0 0 20 1 0

9 0 0 21 0 15

10 0 0 22 0 1

11 0 0 23 0 13

12 0 0 24 0 10

25 0 8
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APPEJDIX II

CHEMICAL SIJLATIF TESTING OF THE CB MODIFICATION KIT
FOR STRUCTURES

StU'7.RY OF DISSEMINATION, SAMPLING, AIID ASSAY PROCEDURES

Two types of disseminators were used to produce and maintain the re-
quired concentration of Methyl Acetoacetate (MU1.A). Approximately 500 grams
of MIAA were disse-rinated by the "C" generator to produce the initial con-
centration. *Two Devilbus nebulizers disseminating approximately 2 grams per
minute were used to maintain concentration. Since this was not sufficient
to maintain the required 100 milligrams per cubic meter, the "C" generator
was used to disseminate 250-gram quantities of ,AA at two-hour intervals
throughout the test.

All glass impingers were aspirated at 12.5 liters per minute. These
contained 20 milliliters n-octyl alcohol as a collecting fluid. Pre-
impingers were 'not used. All samplers were aspirated for approximately five
minutes with the exception of even-numbered samplers at station C, which
were aspirated for 0.5 minutes.

Following sampling, impingers were returned to the laboratory for analy-
sis. Additi*onal quantities of n-octyl alcohol were added to bring the total
volume of each impinger to 30 milliliters. The contents of each impinger
were trpnsferrpd to a l0-nenti,!ter cell and observed on the ThK2A spectro-
photometer. Observations were conducted at a wave length of 245 millimicrons,
the absorption peak for MAA in n-oc!yl alcohol, and at 300 millinicrons, where
KAA does not absorb. Absorbance readings at 300 millimicrons were attributed
to dust and were subtrac'ted from the 245 reading to obtain net absorbance due
to the presence of MAA. Net readings were compared with those obtained by

the preparation of a casLibration curve. Based on this comparison, absorbance
reading was converted to quantity of MAA per impinger. The quantity of MAA
per impinger was divided by the fraction of a cubic meter sampled to provide
an estimate of MAA concentrations in milligrams per cubic meter.

Additional impingers, aspirated prior to the introduction of MAA into
the shelter, were used as backgrounds.

The contents of these impingers were observed on the spectrophotometer.

Background readings were converted to equivalent quantity of ftAA per Lupinger.

The average background was equivalent to 0.015 milligram of Methyl Acetoacetate
per impinger + 0.015 milligram of Methyl Acetoacetate per impinger.

The chemical simulant challenges were conducted using the same procedure
as the second biological simulant challenge, and samplers were labeled in the
same manner (see Appendix I). Results of the first chemical simulant challenge
are contained in Table II-1, and the results of the second chemical simulant
challenge are contained in Table 11-2.
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Swab samples were taken during the first chemical simulant challenge.
Due to inconclusive results the requirement was deleted from the second
challenge, and the results are n.t included in this report.

5i
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Table II-1. Aerosol cloud and service module interior
concentration data: Challenge no. 1

Station mg MAA/impinger Sampling time ,- AA,'m 3

(min)

A-I 11.2 5.33 17

B-I 10.3 5.33 1514

C-i Contaminated 5.33 Conta minated

D-I < o. 015 5.33 <0.2

E-i < 0.015 5.33 <0.2

F-I <0. 015 5.33 <0.2

A-2 7.86 5.0 126

B-2 4.91 5.0 78.6

C-2 < 0.015 5.0 < 0.2

D-2 0.020 5.0 0.3

E-2 < 0.015 5.0 < 0. 2

F-2 < 0. 015 5.0 < 0.2

A-3 3.49 5.0 55.9

B-3 3.39 5.0 54.2

C-3 < 0. 015 5.0 < 0.2

3 < 0. 015 5.0 < 0. 2

E-3 < 0. 015 5.0 < 0.2

F-3 < U. 015 5.0 <0.2

6o
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Table II-i. (Continued)

Station mg MAfA/impinger Samp1iTnR tima ~ m rg !!AA/,m3

A-4 3.06 5.0' 4b.9

B-'4 o.6 5.0 48.

C-11 < 0.015 5.0 <.

D-4 < 0. 015 5.0 < 0.2

E-4 <0015 5.0 < 0.2

F-4 < 0.015 5.0 < 0.2

A5 2.89 5.0 46.

B-5 3.00 5.0 48.0

C-5 < 0.015 5.0 < 0.2

D-5 < 0.015 5.0 <0.2

E-5 < 0. 015 5.0 < 0. 2F-5 <0. 05 5.0< 0.
A-6 2.78 5.0 44.5

B-6 .67 5.0 42.8

c-6 < 0.015 5.0 < <0.2

1n-6 < 0. 015 5.0 < 0. 2

E-.6<0.05 5. <0.

F-6 < 0. 015 5.0 < 0. 2

F- -05 . .



, Table 11-1. (Continued)

Station mg KUA/impingrvr Sam-pling time rg MLAA/m3
___-_____ ________( ___________ ____________

_ _ _ __ _ _ _(min)

I A-I 4.91 5.0 78.6

I B-i 4.86 5.0 77.8

I C-I Contaminated

I D-I <0.015 5.0 < 0.2

I E-1 <0. 015 5.0 < o. 2

I F-1 < 0.015 5.0 < 0.2

I C-2 0.045 0.50 6.3

I A-2 4.58 5.0 73.4

I B-2 4.48 5.0 71.6

I D-2 <0.015 5.0 < 0.2

I E-2 < 0.015 5.0 < 0.2

I F-2 < 0.015 5.0 <0.2

I II A-3 4.97 5.5 72.3

I II B-3 4.04 5.5 58.5

I II C-3 <0 .015 5.5 < 0.2

I II D-3 < 0.015 5.5 < 0.2

Sl i
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Table 11-1. (Continued)

Staticri mg MA-4/izmpinger Sampling tL'me rg

(mn

"I II E-3 <0.015 5.5 <0.2

I II F-3 0.155 5.5 2.3

II C-4 3.0 40 0.50 6.0
!V

II A-4 4.42 5.0 70.8

II B-4 3s93 5.0 62.1o

II D-4 <0.015 5.0 < 0 . 2

II E-4 < 0.015 5.0 <0.2

ii F-4 0.035 5.J 0.5

II A-5 3.82 5.0 61.2

II B-5 3.11 5.0 49.8
II C-5 < 0.015 5.0 < 0.2

SII D-5 <0.015 5.0 < 0.2

II E-5 < 0.015 5.0 < 0.2

II F-5 0.128 5.0 1.9

III A-1 3.17 5.0 50.7

xIV
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Table II-l. (Continued)

Staticn rg MWA/InpL'ngcr Sarplir timne mg nl/v3

III B-i 2.73 5.0 43.7

III C-I < 0.015 5.0 <o.2

III D-1 Sampler iralfunction

III E-i <0.015 5.0 <0.2

III F-I <0.025 5.0 o.4

III C-2 0.035 0.5 5.5

J III A-2 3.06 5.0 48.9
III B-2 2.67 5.0 42.8

III D-2 Sampler malfunction

III E-2 < 0.015 5.0 <0.2

Ill F-2 0.020 5.0 0.3

III IV A-3 3.00 5.0 48.0

III IV B-3 2.51 5.0 40.2

III IV C-3 < 0.015 5.0 - 0.2

III IV D-3 Sampler aalfunction

III IV E-3 < 0.015 5.0 < 0.2

I _

!6
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Table II-1. (Continued)

Station mg MAA/i•pinger Sinpling time =g M•A/M3

III IV F-3 0.115 5.0 1.9

IV c-4 0.035 0.50 5.5

IV A-4 3.06 5.0 48.9

.V B-4 Sampler broken

IV D-4 Sampler malfunction
SIV B-4 < 0 .015 5.0 <0O.2

IV F-4 0.015 5.0 0.2

IV A-5 2.95 5.0 47.2

IV B-5 2.62 5.0 41.9

IV C-5 < 0.015 5.0 < 0.2

IV D-5 Sampler malfunction

IV E-5 < 0.015 5.0 < 0.2

IV P-5 0.080 5.0 1.3

V A-i Missing

V B-i 0.97 5.0 15.6

v c-i 0.95 5.0 15.2'

IA
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Table II-1. (Continued)

Station mg MAA/Lm~grj S~pigtm mg MkA/m3

__ _ _(min)

V D-1 <0.015 5.0 <0.2

V E-I < 0.015 5.0 < o-.2

V F-1 < 0,015 5.0 0.2

V4 C-2 0.90 0.5 14~4*

V A-2 1.04"* 5.0 16.6

V B-2 2.62 5.0 41.9

V D-2 < 0.015 5.0 < 0.2

V E-2 < o.015 5.0 < 0.2

VF-2 < 0.015 5.0 < 0.2

V Tv A-3 6.33 5.0 101
iV VIE B-3 6.61 5.0 i06

SV VI C-3 o.983 5.0 15.7*
V VvI D-3 '0-015 5.0 < 0.2

i VVI E-3 < 0 .015 .0< 0.2

[ V VI F-3 0.215 5.0 3.5
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Table II-1. (Concluded)

Station mg WA/Lrpingor Semplin, tim, mg {!A/3

vI c-4 0.172 ... 5 87.6

VI A-4 5.35 5.0 85.6

vi B-4 5.51 5.0 88.2

SV D-4 <o0o15 5.0 <0.2

Ilk VI E-4 < 0.015 5.0 < 0.2

VI F-4 < 0.015 5.0 <0 .2

A VI A-5 4.31 5.0 69.0

VI B-5 3.98 5.0 63.8

VI C-5 1.06 5.0 17.-0*

VI D-5 < 0.015 5.0 < 0.2

VI E-5 < o.015 5.0 <o.2

"VIF-5 0.3180 5.0 2.9

•.mler contaminmtion suspected
SVolume loss
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Table 11-2. Aerosol cloud and service module interior concentration:
challenge no. 2

Station mg MAA/impinger Sampling time mg MAA/m3
(rain)

I A-1 6.33 5.0 101

I B-1 6.88 5.0 110

I C-1 < 0.015 5.0 < o. 2

I D-1 <0.015 5.0 <0.2

I E-1 <0.015 5.0 <0.2

SI F-I <0.015 5.0 <0.2

I C-2 0.067 0.50 10.7

Ix A-2 5.46 5.0 87.0

SI B-2 5.24 5.0 83.6

I D-2 < 0.015 5.0 < 0.2
I E-2 < 0.015 5.0 < 0.2

I F-2 < 0.015 5.0 < 0.2

I II A-3 3.60 5.0 57.4

I II B-3 3.38 5.0 53.8

I II C-3 < 0.015 5.0 < 0.2

I II D-3 < o.015 5.0 <0.2

I _________ ______________ ______________ ___________



Ii
Table H1-2. (Continued)

Station rng MAA/inpinger Samplm) tle MU./3I I _____ _ (min)

I II E-3 < 0.015 5.0 < 0.2

I II F-3 0.023 5.0 2.0

ii c-4 0.052 0.5 8.2

II A-4 3.06 5.0 48.7

II B-4 3.28 5.0 52.2

II D-4 Sampler malfunction

II E-4 < 0.015 5.0 < 0.2

II F-4 < 0.015 5.0 < 0.2

II A-5 2.28 5.0 36.4

II B-5 2.60 5.0 41.7

IT C-5 < 0.015 5.0 < 0.2

IT D-5 < 0.015 5.0 < 0.2

II E-5 < 0.015 5.0 <M.2

II F-5 < 0. 015 5.0 < 0.2

III A-i 4.57 5.0 73.2



Table H1-2. '(Continued)

Station W MSmlntiemgMAA/m 3

m~ MAA/inkgor Sa(ming)im

III B-1 4.56 5.0

III C-i < 0.015 5.0 < 0.2

III D-1 < 0.015 5.0 < 0.2

III E-1 < 0.015 5.0 < 0.2

III F-1 <0.015 5.0 < 0..2

III C-2 0.077 0.5 12.3

III A-2 4.02 5064.4

III B-2 3.47 5.0 55.6

III D-2 0.070 5.0 1.1

1II E-2 < 0.015 5.0 < 0.2

III P-2 < 0.015 5.0 < 0.2

III IV A-3 2.44~l 5.0 39.1

III IV B-3 2.12 5.0 33.8

III TV C-3 50.01< 5.0

III IV D-3 0.040 j5.0 o.6

III IV E-3 < 0.015 j5.0 <0.2
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Table 11-2. (Continued)

Station mg MAA/inpingcr Sanpling time0 nr, mAA/m 3
(min)

III IV F-3 0.076 5.0 1.2

IV c-4 < 0.015 0.5 < 2.0

!V A-4 1.79 5.0 28.6

TV B-4 2.00 5.0 32.0

IV D-4 Sampler malfuncticn

IV E-4 < 0.015 5.0 < 0.2

IV F-4 < 0.015 5.0 < 0.2

IV A-5 1.78 5.0 28.5

IV B-5 1.57 5.0 25.0

IV 0-5 < 0o.015 5.0 < 0.2

IV D-5 < 0.015 5.0 < 0.2

IV E-5 < 0.015 5.0 < 0.2

IV F-5 0.063 5.0 1.0

V A-I 4.40 5.0 70.5

V B-i 4.90 5.0 78.3
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Table 11-2. (Continue4j)

Stlation mgz MAA/i'ipineer Sanp1ing time mg MAA/rn3

v C-1 < 0.' 5.C < 0.2

v D-1 < 0.015 5.0 < 0.2

3 yE-I < 0.015 5.0 < 0.2

V F-1 < 0.015 5.0 <0.2

V C-2 0.082 0.5 13.2

V A-2 2.99 5.0 47.8

V B-2 3.35 5.0 53.7

VD-2 < 0.015- 5. 0.2

V E-2 <0.015 5.0 < 0.2

k:
V F-2 <0.015 5.0 <0o.2

V VI A-3 2.38 5.0 38.2

V VI B-3 1.98 5.0 31.8

V VI C-3 0.015 5.0 < 0.2

V VI D-3 0.030 5.0 o.4I

V VI E-3 < 0.015 5.0 < 0.2

V VI P-3 0.025 5.0 OA1
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Table 11-2. (Continud)

Station Img NAA/Irnninger Sanpling tine mg MAA/nr3
(nn

VI c-k Sampler malfunction

VI A-4 1.90 5.0 30.3

VI B-4 1.59 5.0 25.4-j

VI D-4 < 0.015 5.0 < 0.2

VI E-4 <0.015 5.0 < 0.2

VI F-4 Sampling time unknown

VI A-5 Sampling time unknown

VI B-5 Sampling time unknown

VI C-5 Sample missing _

VID-5 <0.015 5<0.2

SVI E-5 < 0.015 5.0 < 0.2

VI F-5 Sampling time unknown

VII A-i 0.93 5.0 15.0

VII B-i 0.94 5.0 15.0

V~i c-1 0.015 5.0 0.2

VTI D-1 < 0 .015 5.0 < 0.2
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Table II-2. (Concluded)

Stntion mg WK/Impings- ISampling time mg MAA/:-3

(min';

VII E-I < 0.015 5.0 < 0.2

Vil-1 0.063 5.0 1.0

VII 0-2 Sampler mIlfunction

vII A-2 O.E8 5.0 14.0

VII B-2 .94 5.0 15.0

VII D-2 < 0.015 5.0 < 0.2

VII E-2 < .015 5.0 < 0.2

VII F-2 0.125 5.0 2.0

VII VIII A-3 Contaminated

VII VIIi B-3 0.72 5.0 11.5

SVIIVIII C-3 < 0.015 5.0 < 0.2

VII VIII D -3 <0.015 5.0 <0.2

VII VIII E-3 < 0.015 5.0 <0.2

VII VIII F-3 0.635 5.0 10.2

- -). 4
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APP•ENDIX III

JINIVVI EFACTCR3 ?EGI15,S ATWC; OF T=-~ C-7"rIL
•:• ~AND BIOILUOiCAL (CB) E,-;D!7c,-,%TXA1 KIT FOR S .. •:_

by

Charles V. Durhl, Capt, USAF

INTRODUO7ION

The Air rorce Armanent L-boratory, thrTogh Project Dirc tV I 7z 3 7 1 "2 C

requested that this Division evaluate the CB dcifica ... l. fRIr, ,e-,
from a human factors standpoint. The data for this v¢aluaticn w,-3 couectted
during the Eglin t,.t of the system.

The evaluation is divided into four parts:

l.' CB Modification Kit Design )
2. System Controls - Design and Location

3. Equipment/Control Labeling

4. Biomedical (Personnel Lanfety) Aspects ef tLi•3 Y,.

TEST PROCEDURPES

The human factors engineer assigned to this project obsered test gul.
jects as they were required to utilize the modification kit. Subseqnsnt to
act-al shelter pass-throughs, test subjects were interviewed concernin.! any
problems encountered during their use of the system. Pertinent crninnts
made by test subjects and on-the-spot data, recorded by the li.n faetars
engineer, uere used in evwluaticn of the system. Project per onncl ott-=
than test unbj ects also vef in-terviecn' A enA ccatwC býcd to tý t:ac' -s
data pool.

Sfcý C.3 of týý rT '
dii~ cev2 cis sPyryc' 1'a Par 11--- t.

and &!s-,,Ln !ssra lt~t .. ~

3 j
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F TEST MI11 AND V .........

Con •ia!rinl the limdted arountt of space available in a shelter of
the t) oe being tested, allocation of space and cc-mart-entalization are
adeqiate. Test subjects and project personnel worklng with the shelter are
well p]ensed 4ith its roccainess for the tasks that must be performed.

rrCl the bl -73TI factors viewpeint (i.e., prinary consideration being

given to the "ian" in the mzn/machine interface process), the allocation of
i space an d the p-rsonnel!pcrforr.ance flow required by the system is very well

organized. flcvcver, the modification kit does present a few minor, but
nevertheless, important problems.

Consider initially, for example, the selection of an area for
set-up of the modification kit. Locally, geographical placement of the
unit was not difficult since relatively level ground was readily available.

Because of this, the question of whether the unit needed to be leveled
before operation was not important. Project personnel have stated, however,
that the kit Is primarily fabricated from aluminum for durability without

weight. Contractor personnel have stated that, because of itc. lightweight
construction, the unit must be erected on relatively level ground (i.e., kit
weight must be uniformly distributed on its base) or the framework of the
unit may distort and cause the doors of the kit to becne inoperable. As
far as can be deter!mincd, even though there is a reauirement for a level
area for kit emplacemcntp no guidelines are available for this repuircmnent.
Specific limito in this regard should be available for operator personnel
in a field nilx•tion. This would prevent confusion, reduce kit erection
time, and insure proper kit erection.

The CB modification kit has incorporate'v an emergency lighting
unit near the exit airlocks (unit faces the shower stall). This unit has
not been used during the testing phase at Eglin ArB. It is considered a
necessary unit, however, and consequently should be installed correctly.

As presently attached, the wall meter located on J-:, anit to
lndicate battery c~hr,,_ is on the anderside of the outer casinog, oriented
to"nr t-he 1I ~t floor. In olh"Al dn a pcaraaq dcsirr to

y~ ~ ~ ~ v~.~ldIb reCV,7irad to M~ d~clyucr the lght.

,'~ ';c5ýe f om l any c< t ro i t, o

vv&crI..J and rca in sttep a ncvd zet h ~ ~
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I j--..v

The kit JLeater unit Is located in a perforated door v ieil sepa~atcl
the service module from the exit p ncsngeway (see Figure 111-1). e
heater is so locatpd to enWbe rapid convcctive heat-Ing of t""',:!atk
kit by the action of ta.e blower units which port into the C-xit c ey

During decontamination procedures the kit heater tlic,.d ne!intain
the inner temperature w:ithin a specified comfort range. HILh-STD &25A.-2,

IPage 37, states:

" tTe-perature ahotld be varlable according to th.3
worker's physical activity and clothing. For pcr-
sonnel engaged in light workf., the anizbient trcrner-.
ture should be betweCen 65'F and 82*¶?, with r-Oderate
relative humildity (approxima.tely 4f5%). and air mo~ve-
ment of 15 to 25 feet per miunute,.

"HEATE9 UNIT

A~PLEN 3 M1

Figure M-1. CB Modification Kit floor plan (reproduced from T1 I
Design Evaluation Report., 22 January 19683)

I~ I.



It is imp~erative th,-t the 1haEter wi-thin the kit be of sufficient
slilze to allow thle maintenanco of- terperalbure al least up to the P-20F point.
This iz ncve~sitat+ed by the fact t-l-at pcroceacil could be required to remove

11. thceir clothiiwIr for decontaminatlon (whic~h woUld include a shower) prior
to entry into a deoontwninated struct;.rc.

During enviror enta1. testing of the modification kidt, it was
Ipl.Faed inside t~he ClimAtic Laboratory chambeor and the temperature was laovir-[ ied to -~2.At, this tempcrature,, Vic intorrel heater at full operation,

*~ v;01~iVcin tima to hf,:at t~he kit, pro,ýTVI-hd the fol~Ztempc-raturc s
in the Cshelter. (See, Figure III-1 for location of modification kit compart-
rc•,nts listcd ln TFble Ill-1.)

-4 T'able 111-1. Ta,,ýpexrature readirkgs taken, in compartments within the modifi-
zation kit. Ambient (c~hamber) temperature was -22*1'.

*Co-Apartmcent IrYP6 of readings tal en I eprtres (*F)*

Entrance airlock Air +16 to +20
Undressing room Air +6 to +241

rFloor +2 to +30
Floor +27 to +78

-IDressin, YOU= Air +15 to +30
Floor +8 to i-12

ttlt aiW1KCzk- Air +8 to +12

Tcmiperalture fl.uztiuation wwi caused by the bcatirs, action of the ehower.

Ther-e are a linited number of controls which mast be operated by
individurals utilizing the modification kit. They may be divided into t-wo

groups: those rc,,uirir4 opera-tion during a decontiamination exercise ýi.e.,
dowur linnlcz, show.,er cont~rols, etc. F) nd those w-hich can be preset and are
'S A" r..~ -n! p-~a b, e;z.p'2tr~ tle kit (i.e., rn-

1:-Z,. tl C,

78
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The control is dcsigncd and iocat'ed appropriately bilt V-,icn it wcs n ~ztaflv!ý
In the kit a hole was drillcd t'hrough the contzol aaJe in a screw paned
through this bole to attacb the tmit to tbe vall. Th e co-ftrol amdl rcale
now appcar as shown in Figure 111-2. MIIS71D 1472,2 pafge 69, st-atesn tlat
the prhimary puxpose for scales of the type bcin-' discusiwed is to C-7hle
quick, easy settings of the coatrol and to eU;%iinate confflisica. Vhese pui=-

* posea are not fulfilled by the preslent beater control scale.

CA' the pre-set shelter controls, the most poorly :ndare tý:-
= rotary selector knobs used to sret t~he tine do-lay for thec 'E'--7 zandU7 3,`t

located in the entry airlock, T',eSC Cc-ntrols ale lOCajted inj _nAtQ !bCr<
no. 1 near t~he water heater within the service area of tlhe- v~l~ Pr, et

test personnel have stated that the control scales are not c -T~r-zczt .

Figure 11.1-2. Hodification kit heater control
knob as presently confilgured (Nohte scre -va
located ncar scale no. 2.)

2. Dur ixn ~n ~mi ' 1•S'>-zYý ,..,'

Ty.cilit-_Cs, dact 9iuý

not c a etca in L_7~i 11i'i;' E ý .z2~~L .

] qpired in the =311'ficat'20n, hit.



The two controls (one for cach of the lights) are not marked, and
it iýE i1o7.'1iible to tell which control services w]hich light. Also, their
pr.:c:t lc-ation preventn easy acce•a• With the shelter in operation a

S....f unit is affi:xcd in front of this particiular junction box and control
a: ut;nt would require complete reroval of this unit for access. 4 Mri-
s 1- 472, page 67, states in regard to the above points that,

"Controls, displays, and other items of equipment
that must be located, identified, read or mani-
pulated shall be appropriately and clearly (marked)
labeled to permit rapid and accurate human per-
forre-ance.

The Inner door of the kit entry airlock has no man-operated access
lnato (i.e., no hand-actiuated access device). The inner door is mechanically
intcrkýced with the outer door, however, and when the airlock is entered,
Vila inner door will not become operable until the outer door is closed. The
meclical interlock is then released, and the inner door may be opened by
a push. (Reference Figure III-1.)

Located on the inner door is a small (approximately 8 inches by 3
inebs) metal push panel which may be used to gain entry, when appropriate,
into the service area. This push panel, however, is designed as though it
shv-•d be pulled to allow entry into the service area. At its base is a
curev d lip which implies that the hand is to be inserted and the door is
to be pulled open.

There is no labeling in the access airlock which indicates correct
deor rnoveent. Personnel consistently at-tempt to pull the door open on
their fi"t and, occasicnally subseruent shelter pass-throughs.

4. It is realized that these controls are pre-set and are not to be mani-
pie.nted by persacnel passing .thbcugh the ahelter. Rcwever, wih.n changes

~ 'xlCýCtirrls axe rerrared, tlicy dshvald be e~2clated as nicl y as

O ci
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3. The modification kit heater is not of sufficieit size to wami
the shelter as required,

4. The heater/tcr~pcrature control scale is not dj ..... to aJ1>7
efficient adjustment and reading.

5. The modification kit EI-TE Pa W?•1!Tlihcotlsdn-,av

proper scales, are not marked as to their respective functoss, add &re not
located for easy access.

6. The access door.leadin.g forcm tle entry airlock into e •r-

vice module is not marked to indicate entry procddure.

7. The modification kit sho-ý*r controls are not labeled.

REEOC 12MlATICIIS

1. Level limitations or contour requirements for the ground on w•hich
the modification kit is to be installed should be placed in tle eP.,-,opriite
section (i. e., system erection/installation procedures) of the technicsl
manual published for this system. Also, if any special tools (i.e., levwl
indicators, etc.) are needed to deterkine or effect these reeuirdnts,
they should be tssued as part of the kit equipment. t(he rleel indica;tOs
could be permi anently mounted on the shelters, as in other syster.s-,ich as
the 4OTL Tactical Air Control System.)

2. A special bracket should be built for the emcargecy litilt-I ng
The bracket could be constructed so the unit cold be trz-.• cd vazizlli,
enabling efficient check readings of its inccrporated et"r'-;s

3. The kit heater should be increased in size to inzuze .... in
ternal temperature ranges for personnel use during incle-ment we r,.

4. The modification kit heater/temperature control s~hould be affixed
to the wall in a manner which eliminates the need to obliterate a portion
of the control scale.

5. The modification kit E and WATT light controlz sahould be modi-

flied as follows:

ettin~g time L- dicatic222 in

AA

L........... .. .



b. Each of the t-wo controls should be marked to indicate which
light (E ER or •WIT) it services.

c. The controls should be mounted for easier access, A simple
correction might be to cut an opcning i n the rear of the shelve unit (large
enough to enable access to junction box no. 14 to preclude removal of that
unit when setting the con-trols. 'I

6. The access door from the entry airlock to the service module of the
kit sho0uld be labeled PUSH TO OPEN.

7. The modification kit shower controls should be labeled according
to their functicns and directional movements required for alteration of water
tc~aperature.

8. A dual-deor configuration (similar to that recommended in the Phase

II report, page 23) should be incorporated in the contaminated clothing dLs-
posal chutes. It ic realized that the original design (as in the Phase II
report) could not be incorporated because of specifications as to overall
Gshelter size. A similar configuration should be arranged, however, to
eliminate the possibility of modification kit contamination.
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